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A total of 327 microbial strains isolated from the earthworm guts (EWGs) of five different species were comprised of 
93 aerobic bacteria (AB), 78 facultative anaerobic bacteria (FAB), 72 actinobacteria and 84 fungi. Cellulolytic activity was 
determined both by qualitative and quantitative methods. Sixteen AB, 19 FAB, 26 actinobacteria and 23 fungi showed 
hydrolyzing zones on carboxymethyl cellulose medium and varied cellulase activity in the range of 0.0031 to 0.0263, 
0.0022 to 0.013, 0.0022 to 0.0154 and 0.005 to 0.036 IU/ml, respectively. Cellulolytic bacterial and fungal isolates were 
identified based on 16S rDNA and ITS1-5.8S-ITS2 region, respectively. Nine cellulolytic bacterial (Bacillus, Paenibacillus, 
Isoptericola, Cellulomonas, Clostridium, Enterobacter, Nocardia, Micromonospora and Streptomyces) and ten fungal 
genera (Aspergillus, Chaetomium, Acremonium, Fusarium, Penicillium, Purpureocillium, Epicoccum, Trichoderma, 
Talaromyces and Ascobolus) were recorded in the EWGs. Cellulolytic microorganisms of EWGs exhibit taxonomic 
diversity and varying cellulase activity depending upon EW habitats. This is the first report on the cellulolytic bacterial and 
fungal diversity from the EWG of Imphal, Manipur, North East, India.  
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Introduction 
The decomposition of lignocellulosic constituents 
of organic matter by the earthworms is known to be 
mediated with the help of the ingested microbiota in 
their guts
1-3
. Most EWGs and other soil animals do 
not produce cellulase of their own
4
. In 2009, the 
presence of an endogenous endocellulase gene in the 
earthworm Pheretima hilgendorfi (Megascolecidae) 
was reported for the first time
5
. However, native 
endocellulase alone cannot help the earthworm 
assimilate the lignocellulosic material they feed. Only 
the synergistic action of various enzymes namely, 
exocellulase, endocellulase, hemicellulase and lignin 
peroxidase can degrade lignocellulose efficiently
6
. 
The unique in situ conditions present in the EWG, 
which include mucus, high concentrations of organic 
substrates and anoxia enhance the proliferation of 
certain subset of ingested microorganisms to 
accomplish the desirable functions
7-8
. Many plant 
pathogenic microbes in the ingested organic 
matter get killed during the transit through the 
EWG
9
 while some of the beneficial microbes get 
selectively proliferated and become predominant 
to take part in the digestion process
10
. The 
exoenzymes of the ingested microbial origin 
inside the EWG hasten the decomposition of the 
complex organic matter and thus, give rise to an 




Diverse microorganisms are known to occur in the 
gut contents as well in the casts of earthworm
13-20
. 
Several factors including feed substrates, climate, soil 
type and organic matter determine the population and 
diversity of microorganisms within the EWG
21-22
. 
Variation in the occurrence of bacterial community in 
the gut wall of earthworms is reported to reflect a 
selection process in the order of ecological group > 
habitat > species
23
. Different environmental niches are 
unique in terms of distributions of microorganisms 
and therefore, the composition of the microbiota and 
their cellulolytic potential in the gut of the 
earthworms inhabiting different niches are expected 
—————— 
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to be different. However, there are not many studies 
conducted in this direction
24
. 
The cellulose degrading microorganisms (CDMs) 
are important because they produce cellulases which 
not only help in the efficient bioconversion of 
cellulose - rich plant biomasses in ecosystems but also 
find application in biomass based renewable energy 
generation and food industry. Cellulases are a 
heterogeneous group of enzymes comprised of three 
different enzymes: exoglucanases (E.C. 3.2.1.176) 
(E.C. 3.2.1.91), endoglucanases (E.C. 3.2.1.4) and β -
glucosidase (E.C. 3.2.1.21) which act synergistically 
for the complete hydrolysis of cellulose
25-26
. The 
cellulase enzymes are produced naturally by various 
microbial communities, including bacteria and fungi 
of diverse environmental origin
27
. Cellulases of fungi 
and bacteria in the genera of Trichoderma and 
Bacillus are the most intensively studied and 
commercially exploited for cellulase production
28
. 
Microbial cellulase enzymes can be produced in 
copious amounts using the established fermentation 
techniques
29
. Many studies put more emphasis on 
fungi as they produce relatively higher quantity of 
both cellulase and hemicellulase compared to other 
group of microorganisms
30-31
 and fungal cellulases are 
easy to extract
32
. However, because of longer period 
for growth of cellulase producing fungi, many prefer 
bacterial cellulase over fungal, owing to the faster 
growth rate, expression of multienzyme complexes, 
resistance to extreme environments and higher 
compatibility and feasibility towards genetic 
engineering
33-35
. Thus, both fungi and bacteria have 
been heavily exploited for their abilities to produce a 
wide variety of cellulases. The stability and catalytic 
potential of cellulase enzymes derived from different 
microbial sources differ significantly leading to 
differences in the rate of cellulose breakdown
36-37
. 
Therefore, search for efficient microbial source for 
cellulase through conventional technique of microbial 
isolation remain as an important research activity
38
. 
Isolation of new cellulose - degrading strains also laid 
the foundation for molecular engineering strategies
39
.  
The objective of this study was to isolate and 
characterize cellulolytic aerobic bacteria (AB), 
facultative anaerobic bacteria (FAB), actinobacteria 
and fungi from the gut of four different indigenous 
earthworm species namely Perionyx sp. EM1, 
Perionyx excavates EM2, Amynthas morissi EM3 and 
Drawida nepalensis EM4 along with an exotic 
earthworm, Eisenia andrei EM6 prevalent in the 
Indian region of biodiversity hotspot.  
Materials and Methods  
Earthworm Sampling 
Adult clitellate earthworms of four species found in 
different habitats of Imphal valley, Manipur, North 
East India and one exotic earthworm maintained in 
Indian Council of Agricultural Research Centre, 
Lamphelpat, Manipur, India were collected. The 
identification of the earthworms was done by 
sequencing the amplified sequence of mitochondrial 
cytochrome c oxidase subunit I genes.  
 
Dissection of Earthworms 
The earthworms were washed with tap water and 
then with sterile distilled water. They were 
anesthetized by keeping at -80
o
C for 60 minutes and 
their body surfaces were sterilized by a brief rinse 
with 1.2% sodium hypochlorite solution followed by 
the repeated washing with sterile distilled water. The 
worms were then dissected using sterile blades, pins, 
scissors and forceps in the dissecting board. The gut 
contents were removed for microbial population 
analysis. 
 
Isolation of AB, FAB, Actinobacteria and Fungi 
One gram (1g) of the gut contents was suspended 
in 9 ml of sterile phosphate buffered saline (PBS) 
solution with vortex mixing for 5 minutes at 





) with PBS. One hundred 









dilution were spread onto the surface of Omeliansky’s 
agar (OA) medium
40
 supplemented with cellulose as 
the carbon source and Rose Bengal agar (RBA) 
medium with chloramphenicol (HiMedia) for the 
isolation of bacteria and fungi, respectively. The pH 
of the OA medium was 7.2 while that of RBA 
medium was adjusted to 5.3 by using 10% sterilized 
tartaric acid. The fungal plates were incubated for 5 
days and the aerobic bacterial plates were incubated 
for 8 days at 30
o
C to ensure growth of slow growing 
actinobacteria. For the isolation of FAB, the plates 
were incubated at 30
o
C for 8 days. For all the 
incubations related to FAB, anaerobic jars along with 
anaero gas packs and indicator tablets (HiMedia) were 
used. Microbial colonies were counted using colony 
counter and colony forming unit (cfu) were expressed 
on the basis of per gram oven dried gut contents. The 
experiments were carried out with three replications 
for each sample. The morphologically distinct 
bacterial and actinobacterial colonies were purified to 
obtain single colonies by streaking on OA plates. 




Stock cultures were made with Omeliansky’s broth 
(OB) supplemented with 0.1% cellulose containing 
30% (w/v) glycerol and stored at -80°C. The pure 
cultures of fungi were maintained on potato dextrose 
agar (PDA) slants at 4°C which served as the stock 
cultures for subsequent use. The colonies were sub-
cultured after every 3 months. 
 
Screening of CDMs 
Isolates of four groups of microorganisms were 
screened for cellulase activity both qualitatively and 
quantitatively. In the qualitative plate assay for 
detecting extracellular cellulase activity, two 





 dyes were used. The isolates were 
screened on carboxymethyl cellulose (CMC) agar 
plates (0.2% NaNO3, 0.10% K2HPO4, 0.05% KCl, 
0.05% MgSO4, 0.2% CMC, 0.02% peptone and 1.7% 
agar). The pH of the CMC agar plates was maintained 
at 7.2 and 5.2 for bacteria and fungi, respectively.  
A single colony was inoculated in 5 ml of Luria 
Bertani (LB) broth and grown at 30
o
C for 24 and 72 
hrs for AB and actinobacteria, respectively in an 
incubator shaker at 180 rpm. For the screening of 
FAB, the 5 ml of LB broth was inoculated with a 
single bacterial colony and incubated at 30
o
C for five 
days. Then, 5 µl of the culture broth was spot 
inoculated on the CMC agar plates and incubated at 
30
o
C for 48 hrs, 72 hrs and 5 days for AB, 
actinobacteria and FAB, respectively. For fungi, the 
isolates were pre-cultured on PDA at 30
o
C for 5 days 
and a mycelial disc of 4 mm diameter was punched 
using a sterile cork borer. The fungal mycelial disc 
was placed in the centre of the CMC agar plates using 
a sterile inoculating loop and incubated at 30
o
C for  
72 hrs. After incubation, the plates were flooded with 
GI (2.0 g potassium iodide and 1.0 g iodine in 300 ml 
distilled water) for 3 to 5 mins and with 0.1% CR for 
20 mins followed by washing the plates with 1 M 
NaCl for 15 to 20 mins. The plates were observed at 
different intervals for the formation of zone of 
clearance around the colonies. Cellulase activity of 
the isolates was measured qualitatively in terms of 
hydrolysis capacity on CMC agar i.e. the ratio of  
clear zone diameter to colony diameter
43-45
. The 
reference strains Cellulomonas cellulans (MTCC23), 
Streptomyces albaduncus (MTCC1764) and  
Fusarium oxysporum (MTCC1755) obtained from 
Institute of Microbial Technology (IMTECH) 
Chandigarh, India, were used as positive controls for 
cellulolytic activity. 
The isolates which showed zone of clearance 
around the colonies in the plate assay were subjected 
to quantitative determination of reducing sugars by 3, 





Preparation of Crude Cellulase Enzyme Solution from the 
Cellulolytic Microorganisms 
To prepare crude enzyme solution for AB and 
actinobacteria, a single colony was inoculated in  
4 ml of OB supplemented with 0.1% cellulose and 
incubated at 30
o
C for 72 and 96 hrs at 180 rpm  
for bacteria and actinobacteria, respectively. One ml 
of the culture broth was transferred to 40 ml of  
the OB in 100 ml conical flask. The conical  
flasks containing the culture broth were allowed to 
grow at 30
o
C for 15 days in an incubator shaker  
at 180 rpm. For FAB, a single colony was inoculated 
with 4 ml of OB supplemented with 0.1% cellulose 
and incubated at 30
o
C for 5 days. Then, 100 µl of  
the 5 days old broth was transferred to 5 ml of the  
OB and incubated at 30
o
C for 15 days in the anaerobic 
jars. In case of fungal isolates, five 4 mm discs  
of pure fungal mycelia were inoculated with 40 ml  
of Czapek Dox broth (pH 5.2) supplemented  
with 0.1% cellulose and allowed to grow at 30
o
C  
for 15 days. The experiments were carried out  
in triplicates. The enzyme assay was carried out  
at different time intervals for all the four types  
of microorganisms.  
 
Filter Paper Assay for Cellulase Enzyme  
The Omeliansky’s and Czapek Dox culture broth 
containing cellulose as carbon source were used for 
cellulase assay for bacterial and fungal isolates, 
respectively. Two ml of the culture broth was 
centrifuged at 10000 g at 4
o
C. The supernatant  
(0.5 ml) was diluted with 0.05 M sodium phosphate 
buffer (0.5 ml) at pH 7.0 in 50 ml falcon tube for 
bacteria and actinobacteria and with 0.05 M citrate 
buffer (0.5 ml) at pH 5.2 for fungi. Reagent blank was 
prepared by mixing 0.5 ml of water with 0.5 ml 
buffer. The substrate was provided as cut pieces of 
filter paper (32 mg). The enzyme activity was 
measured in terms of reducing sugars released and 
was quantified by DNS method. The assay was 
performed by incubating the mixture solution (0.5 ml 
of the crude enzyme extract with 0.5 ml buffer and 
filter paper) in a water bath maintained at 50
o
C for  
30 mins. After incubation, 3 ml of freshly prepared 
DNS reagent was added and the reaction was 
terminated by boiling at 100
o
C for 10 minutes. After 




boiling, 1 ml of 20% sodium potassium tartrate solution 
was added in order to maintain the stability of the color 
developed. The total volume was made up to 8 ml and 
the absorbance reading was measured at 540 nm. One 
unit (IU) of enzyme activity was defined as the amount 
of enzyme that released 1 µmol glucose per minute from 
the substrate under the experimental conditions.  
 
Statistical Analysis 
The values for the cellulase enzyme assay are 
presented as mean ±SD (standard deviation). All 
statistical significance tests and multiple comparisons 
between the enzyme activities of different isolates 
were determined by one way analysis of variance 
(ANOVA) supplemented with Tukey’s HSD test 
using SPSS statistical software package, version 16.0. 
Values at P<0.05 were considered to indicate 
statistical significance.  
 
DNA Extraction and PCR Amplification 
Genomic DNA for cellulolytic bacteria and fungi 
were extracted using the protocols given by Sambrook 
and Cenis, respectively
47-48
. The 16S rDNA  
region of the bacterial isolates were amplified  
with the universal primers (27F 5′-
AGAGTTTGATCMTGGCTCAG-3′ and 1492R  
5′-TACGGYTACCTTGTTACGACTT-3)49. The 
amplification of the ITS1-5.8S-ITS2 region was 
carried out in a C1000™ Touch Thermal  
Cycler (BIORAD, USA) using the primer pair: ITS1 
5′-TCCGTAGGTGAACCTGCGG-3′ and ITS4  
5′-TCCTCCGCTTATTGATATGC-3′) according to 
standard protocol
50
. The run was programmed with an 
initial denaturation at 94
o
C for 10 min, followed by 
amplification for 35 cycles at the following 
conditions: 1 min 20 sec at 94
o
C, 1 min at 52
o
C and  
1 min at 72
o
C. A final 7 min extension at 72
o
C and 
infinite hold time at 4
o
C completed the program run. 
The PCR amplified products were electrophoresed on 
0.8% agarose gel stained with ethidium bromide using 
0.5X TBE buffer for 45 min at 80V. The gel was 
observed using the ChemiDoc MP gel documentation 
system (Bio-Rad, Hercules, USA). DNA marker 
(GeNei, RMBD135) was included for the estimation 
of the size of the DNA fragments.  
 
Sequencing and Phylogenetic Analysis 
The PCR amplified products were sequenced in an 
automated ABI3100 genetic analyzer (Applied Bio-
systems) in Merck specialists, Bangalore, India. The 
sequence electropherogram data for partial 16S rRNA 
gene were corrugated using Chromas LITE version 
2.1.1 software. Determinations of the taxonomic 
identity of amplified query sequences were 
accomplished by comparing with the GenBank 
nucleotide database of National Centre for 
Biotechnology Information (NCBI) using the 
BLASTn protocol of BLAST tool. The nucleotide 
sequences were aligned using ClustalW implemented 
in BioEdit 7.0.5.3 using the default settings and were 
then manually corrected
51
. Using the BLAST tool
52
, 
additional sequences were downloaded from the 
GenBank database in order to use as reference strains. 
Neighbor-Joining (NJ)
53
 analyses were performed 
using Molecular Evolutionary Genetics Analysis 
(MEGA) software version 6.0
54
 with Kimura’s two 
parameter (K2P) model
55
 for the construction of the 
evolutionary trees. The type strains Pseudomonas 
aeruginosa (LC069033) and Rhizopus microsporus 
(EU798703) were used as the out groups in the 
phylogenetic tree construction of bacteria and fungi, 
respectively. A bootstrap analysis with 1000 
replications was performed. DNA sequences were 
deposited in GenBank under accession numbers 
KX138434-KX138449 (AB), KX242115-KX242133 
(FAB), KX138411-KX138433 (fungi) and 




Characterisation of the Earthworms by Sequencing 
The indigenous earthworm species were assigned as 
EM1, EM2, EM3 and EM4 and the exotic one as EM6. 
The GenBank accession numbers for the deposited 
sequences are KT716821-23 and KT716825-26. 
Perionyx sp. EM1 and Perionyx excavates EM2 were 
inhabitants of cow dung heap and banana pseudostem, 
respectively. Earthworms Amynthas morissi EM3 and 
Drawida nepalensis EM4 were collected from the soil 
habitat. The exotic earthworm, Eisenia andrei EM6 was 
reared in organic matter prepared using cow dung and 
rice straw.  
 
Population of the Microorganisms in the EWG 
The microbial population (log cfu/g dry weight  
of the gut contents of the earthworm) was in the  
range of 6.345 ± 0.049 to 7.33 ± 0.009, 4.47 ± 0.13 to 
6.053 ± 0.106 and 4.34 ± 0.093 to 6.13 ± 0.017  
for AB, FAB and fungi, respectively (Table 1).  
A total of 327 isolates comprising 93 AB, 78 FAB,  
72 actinobacteria and 84 fungi were obtained from the 
gut content of the five different earthworm species 
(Table 2).  



























6.345 ± 0.049 5.04 ± 0.073 4.48 ± 0.042 
5 Perionyx sp. EM1 7.206 ± 0.047 6.053 ± 0.106 6.13 ± 0.017 
 
 
Table 2 — Number of isolates which showed clearing zone around the 
colonies in the plate assay done by using  
Gram’s iodine and Congo Red dyes 








Eisenia andrei EM6 4 3 5 3 15 
Drawida nepalensis 
EM4 
3 4 8 4 19 
Amynthas morissi 
EM3 
4 3 5 6 18 
Perionyx exvavatus 
EM2 
3 3 5 4 15 
Perionyx sp. EM1 2 6 3 6 17 
Total 16 19 26 23 84 
 
Qualitative Screening of the Microbial Isolates for their 
Cellulase Activity 
Hydrolysis capacity varied among the different 
CDMs and out of 327 isolates, only 84 (16 AB, 19 FAB, 
26 actinobacteria and 23 fungi) showed halo zones 
around their colonies which was a positive indication for 
the cellulase activity. The appearances of the bacteria, 
actinobacteria and fungi with halo zones around their 
colonies on CMC agar plates is shown in Figure 1. The 
hydrolysis capacity was found to vary in the range of 0.2 
to 1.7 cm with GI and 0.7 to 2.2 cm with CR for AB, 0.2 
to 3.2 cm with GI and 0.3 to 3.4 cm with CR for FAB, 
0.3 to 2 cm with GI and 0.3 to 2.1 cm with CR for 
actinobacteria and 0.2 to 2.2 cm with GI and 0.2 to 2.7 
cm with CR for fungi.  
 
Quantitative Screening of the Microbial Isolates for their 
Cellulase Activity 
The 84 isolates exhibiting hydrolysis capacity were 
subjected to quantitative screening. Cellulase activity 
was found in the range of 0.0031 to 0.0263, 0.0022 to 
0.013, 0.0022 to 0.0154 and 0.0056 to 0.036 IU/ml for 
the AB, FAB, actinobacteria and fungi, respectively 
(Figs. 2-5). Among the AB, Paenibacillus 
barcinonensis CB10 showed the highest activity 
(0.0263 IU/ml) followed by Paenibacillus sp. CB2 





Fig. 1 — Formation of clearing zones around the colonies of microorganisms in the CMC agar medium after pouring Gram’s iodine and 
Congo red dyes. 







Fig. 2 — Cellulase activity of the cellulolytic aerobic bacterial isolates determined on 5th day based on DNS assay (FPase IU/ml). Each 




Fig. 3 — Cellulase activity of facultative anaerobic cellulolytic bacterial isolates determined on 5th day based on DNS assay  




Fig. 4 — Cellulase activity of the actinobacterial isolates determined on 5th day based on DNS assay (FPase IU/ml). Each bar indicates 




Fig. 5 — Cellulase activity of the fungal isolates determined on 5th day based on DNS assay (FPase IU/ml). Each bar indicates the mean  
± S.D (n=3).  Bars marked without a common letter are significantly different (P < 0.05). 





IU/ml). Bacillus sp. CB4 which was morphologically 
similar to CB7, 9 and 14 showed the least enzyme 
activity of 0.0031 IU/ml. Among the FAB, 
Clostridium sp. FAB6 showed the highest activity 
(0.0178 IU/ml) followed by Clostridium sp. FAB1 
(0.0133 IU/ml) and Clostridium algidixylanolyticum 
FAB4 (0.009 IU/ml) which was morphologically 
similar with FAB12 and FAB19. Enterobacter sp. 
FAB8 which was morphologically similar to FAB13 
showed the least enzyme activity of 0.0022 IU/ml. 
Among the actinobacteria, Streptomyces sp. CAE9 
showed the highest activity (0.0178 IU/ml)  followed 
by Streptomyces sp. CAE4 (0.0154 IU/ml) and 
Streptomyces sp. CAE13 (0.0133 IU/ml). Nocardia 
sp. CAE22 showed the least enzyme activity of 
0.0022 IU/ml. Among the fungi, Aspergillus terreus 
CF15 showed highest activity (0.036 IU/ml) followed 
by Trichoderma sp. CF18 (0.032 IU/ml) and 
Fusarium sp. CF8 (0.0196 IU/ml) and the least 
enzyme activity of 0.0056 IU/ml was shown by 
Purpureocillium lilacinum CF9. In general, fungal 
isolates showed higher cellulase activity compared to 
bacterial and actinobacterial isolates.  
 
Molecular Characterization of the CDMs and Phylogenetic 
Analysis 
The bacterial and fungal isolates which were found 
to be positive for cellulase activity determined by 
both qualitative and quantitative screening methods 
were characterized based on 16S rRNA gene and 
ITS1 - 5.8S - ITS2 region, respectively. The cellulase 
producing AB were assigned as CB1 to CB16, FAB 
as FAB1 to FAB19, fungi as CF1 to CF23 and 
actinobacteria as CAE1 to CAE25 along with CAE44. 
The designated microbial isolates for cellulolytic AB, 
FAB, actinobacteria and fungi of different categories 
are shown in the phylogenetic NJ trees constructed 
using MEGA version 6 (Figs. 6-9).  
 
Discussion 
Large volume of research data is available on the 
occurrence of cellulolytic microorganisms in different 









 and inside the gut of 
Holotrichia parallela larvae
60
. Occurrence of 
cellulolytic microorganisms inside the earthworm gut 
is advantageous for efficient degradation of organic 
matter. However, compared to general microbial 
diversity present in the gut of different earthworm 
species as reported by researchers
61
 the occurrence 
and distribution of the cellulolytic microbial 
component in the gut of different earthworm species 
is not understood well. The decomposer microbes 
present in the gut of the earthworms function as key 
detritivores and enhance the efficiency of the organic 
matter recycling functions in either mineral soils or 
surface accumulated organic debris of soil habitats
62-63
. 
This research has generated comprehensive data on 
diversity of cellulolytic microorganisms in four 
different indigenous earthworm species of the Imphal 
valley, Manipur, India along with an exotic species, 
Eisenia andrei EM6 using classical and molecular 
techniques. 
Different isolates of AB, FAB, actinobacteria and 
fungi were screened for qualitative and quantitative 
cellulase activity by using chromogenic dyes (Gram’s 
iodine and Congo red) and DNS method, respectively. 
Since the number of the CDMs was large, 
optimization of enzyme production at different levels 
of various factors like temperature, pH, incubation 
time etc. were not investigated. Thus, the enzyme 
activities reported in this study were obtained from an 
un-optimised medium with cellulose as the substrate. 
Among the CDMs, Aspergillus terreus CF15 showed 
the highest cellulase activity of 0.036 IU/ml while 
Enterobacter sp. FAB8 and Nocardia sp. CAE22 
showed the least enzyme activity of 0.0022 IU/ml.  
A similar range of cellulase activity was also reported 
from earlier studies
64-65
. Cellulase production is 
significantly influenced by nutritional composition 
and physical factors such as temperature, pH, 
incubation period and agitation speed
66-67
. By 
optimizing both nutritional and physical parameters, 
cellulase enzyme production of the isolates can be 
improved. The aerobic Paenibacillus sp. CB10 which 
was isolated from the gut of Drawida nepalensis EM4 
displayed a significantly higher cellulase activity than 
reference strain Cellulomonas cellulans MTCC 23 as 
well as other bacterial and actinobacterial isolates and 
thus appears to be a potential candidate for cellulase 
production. Recently, a novel β-glucosidase was 
reported from Paenibacillus sp. strain MTCC 5639
68
.  
Since the earthworm gut has anoxic conditions, it 
was expected to harbor mainly the facultative 
anaerobes in the gut. However, many aerobic 
microorganisms were found to occur inside the gut. 
Similar findings were also reported by other research 
workers
69
. Diversity of different groups of CDMs in 
the gut of the earthworms was remarkable, although 
cellulolytic yeast, protozoa and strictly anaerobic 
bacteria were not investigated in this study. The Gram- 
 







Fig 6. — NJ phylogenetic tree of the cellulolytic aerobic bacterial isolates based on 16S rRNA gene sequence. 
 
positive bacteria within the order Bacillales and 
belonging to the genera of Bacillus and Paenibacillus 
formed the main component of cellulolytic aerobic 
bacteria. A similar observation was made in a previous 
study conducted in the gut of the termite Zootermopsis 
angusticollis
70
. Bacillus pumilus was found to be 
present in the gut of all the earthworms except D. 
nepalensis EM4. Bacillus subtilis was present in the 
gut of Eisenia andrei EM6, Perionyx sp. EM1 and A. 
morissi EM3 while Bacillus cereus was present in the 
gut of A. morissi EM3 only. Various species within the 
Paenibacillus genus were found to be present in the gut 
of all the earthworms. In case of the cellulolytic FAB, 
genus Clostridium was predominant. The occurrence  
of several species of Clostridium (C. paraputrificum, 
C. butyricum and C. beijerinckii) in the gut of Eisenia 
fetida had also been reported
71
. Bacillus cereus  
and C. algidixylanolyticum were found in the gut of 
Perionyx sp. EM1, Perionyx excavatus EM2 and  
A. morissi EM3. Paenibacillus polymyxa was found in  







Fig. 7 — NJ phylogenetic tree of the cellulolytic facultative anaerobic bacterial isolates based on 16S rRNA gene sequence. 
 
E. andrei EM6 and Perionyx sp. EM1. Enterobacter 
cloacae was found in the gut of Perionyx sp. EM1 and 
D. nepalensis EM4. Chaetomium and Burkholderia 
were found to be the dominant fungal and bacterial 
genera among the aerobic cellulolytic microorganisms 
present in the gut of E. fetida (Lumbricidae) and 
Amynthas heteropoda (Megascolecidae)
4
. Bacteria in 
the genus of Bacillus, Clostridium, Enterobacter, 
Nocardia, Aeromonas, Vibrio, Serratia, Pseudomonas, 
Flavobacterium, Gordonia, Mycobacterium, Klebsiella 
and Azotobacter were also reported to be present 
within the intestines of the earthworms (Brito-Vega & 
Espinosa-Victoria, 2009).  
Several strains of the genus Streptomyces had been 
known to be cellulase producers. They were found as 
the largest number of cellulolytic species in the phylum 
actinobacteria and were also known to produce various 
types of unique cellulase enzymes
72
. In our study also, 
the homology search of the enquired 16S rRNA  
gene sequences of the  cellulolytic  actinobacteria  in  
 







Fig 8. — NJ phylogenetic tree of the cellulolytic actinobacterial isolates based on 16S rRNA gene sequence. 
 
NCBI BLAST showed the dominance of the 
Streptomyces genus in the earthworm gut. Out  
of 26 cellulolytic actinobacteria, 23 belonged to 
Streptomyces. Only one species of each of the two 
genera Nocardia and Micromonospora was found to be 
present in the earthworm gut. The occurrence of 
Streptomyces and Nocardia species were also reported 
in the gut of earthworms (Parthasarathi et al. 2007)  
The 23 species of cellulolytic fungi represent  
10 genera and this result suggests that highest genetic 
diversity was in fungi among the cellulolytic microbes 
present in the earthworm gut. Fungi in the genera of 
Aspergillus, Penicillium, Fusarium, Trichoderma and 
Chaetomium are commonly known to be cellulolytic, 
but fungi in the genera Acremonium, Arthrinium, 
Purpureocillium, Epicoccum and Ascobolus were 
found to be cellulolytic in our study which are 
comparatively less common cellulolytic fungi. Fungi 
within the genera of Chaetomium, Penicillium, 
Fusarium and Staphylotrichum were reported to be 




cellulolytic in the earthworm gut (Fujii et al. 2012). 
The differences in the microbial communities 
obtained by the different researchers might be due to 
the difference in the earthworm species or the diverse 
habitats which differ in biotic and abiotic factors or in 
the use of media and the carbon source for the 
isolation of microorganisms.  
In the phylogenetic analyses, some cellulolytic AB 
(CB 2, 5, 6, 8 and 12), FAB (FAB 1, 7, 8, 9, 10, 11, 
12, 13, 14, 15 and 16), actinobacteria (CAE 5, 7, 10, 
13, 15, 18 and 22) and fungi (CF 5, 7 and 12) 
exhibited differences from the reference strain 
sequences and formed distinct genetic lineages. They 
could represent potentially new cellulolytic strains 
which should be confirmed in future through full 
length sequencing for 16S rRNA and ITS1-5.8S-ITS2 
genes. The five actinobacterial isolates namely CAE 
1, 11, 14, 20 and 44 were grouped into a single cluster 
with different reference strains namely S.  
microflavus, S. griseoplanus, S. badius and S. 
mediolani. This may be due to the fact that we did 
only reverse primer sequencing of the 16S rRNA gene 
 
 
Fig. 9 — NJ phylogenetic tree of the cellulolytic fungal isolates based on ITS region 
 




and hence the length of the sequence may be short to 
resolve these five isolates to species level and they 
may represent different species of the Streptomyces 
genus. The present study demonstrates that the gut of 
the different earthworm species feeding on various 
substrates harbors a diverse community of cellulolytic 
microorganisms and is the first report on cellulolytic 
microbial diversity of Amynthas morissi, Drawida 
nepalensis and a Perionyx sp. from North East India. 
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